Over the last two decades breast cancer mortality has declined in Western countries. This decline has been ascribed to early detection due to the implementation of population-based mammographic screening programs and the introduction of adjuvant systemic therapy (AST).[@b1] Fifty percent of all breast cancer patients are cured with loco-regional therapy alone, while the other 50% recur in the absence of AST. The combination of adjuvant chemotherapy and adjuvant endocrine therapy halves the breast cancer mortality rate throughout the first 15 years after diagnosis.[@b2] Selection of those patients at high risk of relapse for AST is based on clinicopathological factors, such as age, tumor size, nodal status, histological grade and hormone receptor status. Current guidelines and clinical tools, such as Adjuvant! Online (AOL), use these factors to estimate the risk of recurrence and the benefit of AST. However, when using these standard clinicopathological factors, individual risk assessment remains challenging. Many women are treated with chemotherapy, without deriving significant benefit.[@b3] To improve accuracy, several gene expression prognosis classifiers have been developed and validated on historic data to refine risk estimation based on current guidelines.[@b4] One of these is the 70-gene signature (MammaPrint™), for which its accuracy to select the right patient for AST is being compared to the accuracy of AOL in a randomized trial called MINDACT, that completed accrual and primary results are awaited.[@b5]

Between 2004 and 2006, the 70-gene signature has been subjected to the first prospective study using a gene-expression prognosis classifier as a risk estimation tool, in addition to clinicopathological factors. The microarRAy prognoSTics in breast cancER (RASTER) study was conducted in 16 community hospitals in the Netherlands.[@b6] The primary aim of this multicenter observational study was to assess the feasibility of implementing the 70-gene signature in a community-based setting and to study the clinical impact of the 70-gene signature test result on AST decision making.[@b6] A secondary aim of the RASTER study was to assess the outcome of patients for whom a gene expression classifier was used to determine the need for adjuvant systemic treatment. Implementation of the 70-gene signature in daily clinical practice appeared feasible. A considerable discrepancy in risk estimations among different clinicopathological guidelines and the 70-gene signature was observed.[@b6] The addition of the 70-gene signature test result to standard clinicopathological factors led to a change in AST advice in 19% of patients.[@b6] Here, we report the 5-year follow-up data of the RASTER study.

Patients and Methods
====================

The RASTER study design, patient eligibility criteria and study logistics have been described elsewhere.[@b6] In short, 812 female patients were enrolled after having given written informed consent. Four hundred twenty-seven patients were postoperatively eligible and for them a 70-gene signature (MammaPrint™, Agendia Inc., Amsterdam, The Netherlands) was obtained. All 427 patients were aged 18--61 years old and had a histologically confirmed unilateral, unifocal, primary operable, invasive adenocarcinoma of the breast (cT1--3N0M0). Exclusion criteria were a history of a malignancy (with exception of basal-cell carcinoma or cervical dysplasia) and neoadjuvant systemic treatment. After enrollment of 242 patients, the maximum allowed age was changed to 54 years, because the 70-gene signature had been developed in patients under 55 years of age. At that time, the validation of the prognostic value in patients aged over 55 years was not yet available.[@b7]

After enrollment, patients received surgery as their primary treatment. All patients underwent either breast conserving treatment or ablation of the breast. Within one hour after surgery, the tumor samples (stored without any preserving solution) were procured at the Pathology Department of the participating hospitals. To ensure routine clinical practice, the initial histopathology data were used for clinical risk assessment by the treating physician and in the statistical analysis, without central review of paraffin-embedded tumor samples. Details on tumor grading, assessment of hormone receptor status and HER2 status, RNA extraction and microarray analysis are described elsewhere.[@b8],[@b9] The RASTER study is registered on the International Standard Randomised Controlled Trial Register, number ISRCTN71917916. A summary of the study protocol is outlined online (<http://www.controlled-trials.com/ISRCTN71917916>).

Established clinical risk classifications indexes
-------------------------------------------------

AST decisions in this study were based on the Dutch Institute of Healthcare Improvement (CBO) guidelines of 2004,[@b10] the 70-gene signature result and doctors\' and patients\' preferences.

The CBO guidelines used between 2004 and 2006 were more restrictive in selecting patients for AST as compared to other guidelines and were primarily based on the assumption that adjuvant chemotherapy is only justified if an absolute survival benefit of more than 5% at ten years can be expected. According to the 2004 CBO guidelines, low clinical risk was defined as age over 35 years, tumor of grade 1 and 30 mm or smaller, grade 2 and 20 mm or smaller or grade 3 and 10 mm or smaller. Additionally, age less than 36 years with a grade 1 tumor of 10 mm or smaller was also defined as low risk. All other patients were defined as high risk. Notably, in the CBO guidelines, adjuvant endocrine treatment was advised only in clinically high-risk patients with hormone-receptor-positive tumors in combination with chemotherapy.[@b10]

To study how the addition of the 70-gene signature to a risk prediction tool used today influences clinical practice we used AOL software, version 8.0 to calculate 10-year survival probabilities based on the patient\'s age, tumor size, tumor grade, estrogen receptor status and nodal status.[@b11],[@b12] Patients were assigned to a high clinical risk if their calculated 10-year survival probability was less than 90%.[@b6] In addition, sensitivity analyses were performed for different AOL cut offs ranging from 85% to 95%, including the cut off used for the MINDACT trial.[@b5]

Statistical analysis
--------------------

For this analysis, we estimated five-year distant-recurrence-free interval (DRFI), comprising distant recurrence and death from breast cancer. Overall survival (OS) and distant-disease-free-survival (DDFS) were also calculated.[@b13] Survival curves were constructed using the Kaplan--Meier method and compared using the log-rank test. In case of ordinal variables (age, pT-stage of TNM, histological grade and nodal status) with more than two groups, we tested for trends (using the Cochran--Armitage test). A significant finding was defined as a *p*-value below 0.05. Analyses were performed using SAS version 9.2 and R version 2.14.0.

Results
=======

Follow-up data of all 427 patients who were enrolled in the RASTER study were updated until September 15, 2011. The first patient was enrolled January 22, 2004, the last patient December 18, 2006. Median follow-up was 61.6 months.

Patient characteristics, AST and outcome stratified by 70-gene signature
------------------------------------------------------------------------

Supporting Information [Table 1](#tbl1){ref-type="table"} summarizes the patient characteristics defined by the result of the 70-gene signature as reported by Bueno-de-Mesquita *et al*.[@b6] 70-gene signature high-risk patients more often had large, poorly differentiated, estrogen receptor (ER) negative, progesterone receptor (PR) negative and HER2 positive tumors than 70-gene signature low-risk patients. Nineteen percent (9/47) of invasive lobular breast cancer patients had a high-risk 70-gene signature, while 53% (183/345) of invasive ductal breast cancer patients had a high-risk 70-gene signature result. Twelve percent (16/136) of the grade 3 tumors were 70-gene signature low-risk, while 83% (72/87) of the grade 1 tumors were 70-gene signature low-risk. After a median follow-up time of 61.6 months, 24 DRFI events and 11 deaths occurred. Nine patients died due to breast cancer. One patient died due to lung cancer and one patient due to cardiac disease (Supporting Information [Table 2](#tbl2){ref-type="table"}). The 5-year DRFI probabilities for 70-gene signature low-risk (*n* = 219) and high-risk (*n* = 208) patients were 97.0% and 91.7% (*p* = 0.03), respectively (Supporting Information [Fig. 1](#fig01){ref-type="fig"}). Importantly, this difference in outcome was observed despite the fact that in the 70-gene signature low-risk group 15% (33/219) of the patients received adjuvant chemotherapy, versus 81% (169/208) in the high-risk group. The administered chemotherapy regimens for low- and high-risk patients are described in Supporting Information [Table 1](#tbl1){ref-type="table"}.

###### 

Clinicopathological characteristics of patient groups defined by 70-gene signature (70-GS) and AOL risk estimations

                                           Total (*n* = 427)   70-GS low-AOL low (*n* = 95)   70-GS high-AOL low (*n* = 37)   70-GS low- AOL high (*n* = 124)   70-GS high-AOL high (*n* = 171)
  -------------------- ------------------- ------------------- ------------------------------ ------------------------------- --------------------------------- ---------------------------------
  Age                  \<35                26 (6%)             5 (5%)                         0 (0%)                          2 (2%)                            19 (11%)
                       36--40              41 (10%)            12 (13%)                       7 (19%)                         2 (2%)                            20 (12%)
                       41--45              84 (20%)            19 (20%)                       14 (38%)                        18 (14%)                          33 (19%)
                       46--50              141 (33%)           28 (30%)                       8 (22%)                         58 (47%)                          47 (28%)
                       51--55              100 (23%)           27 (28%)                       8 (22%)                         29 (23%)                          36 (21%)
                       \>55                35 (8%)             4 (4%)                         0 (0%)                          15 (12%)                          16 (9%)
  pT (TNM)             pT1 (\<20 mm)       301 (70%)           95 (100%)                      37 (100%)                       82 (66%)                          87 (51%)
                       pT2 (\>20--50 mm)   125 (29%)           0 (0%)                         0 (0%)                          42 (33%)                          83 (48%)
                       pT3 (\>50 mm)       1 (1%)              0 (0%)                         0 (0%)                          0 (0%)                            1 (1%)
  Histological grade   Good                87 (20%)            60 (63%)                       12 (32%)                        12 (10%)                          3 (2%)
                       Intermediate        204 (48%)           34 (36%)                       19 (51%)                        97 (78%)                          54 (32%)
                       Poor                136 (32%)           1 (1%)                         6 (16%)                         15 (12%)                          114 (67%)
  Histological type    Ductal              345 (81%)           73 (77%)                       30 (81%)                        89 (72%)                          153 (89%)
                       Lobular             47 (11%)            14 (15%)                       2 (5%)                          24 (19%)                          7 (4%)
                       Other               31 (7%)             7 (7%)                         5 (13%)                         9 (7%)                            10 (6%)
                       Unknown             4 (1%)              1 (1%)                         0 (0%)                          2 (2%)                            1 (1%)
  ER status            Negative            85 (20%)            0 (0%)                         4 (11%)                         3 (2%)                            78 (46%)
                       Positive            342 (80%)           95 (100%)                      33 (89%)                        121 (98%)                         93 (54%)
  PgR status           Negative            133 (31%)           9 (9%)                         8 (21%)                         24 (19%)                          92 (54%)
                       Positive            293 (69%)           86 (91%)                       29 (78%)                        100 (81%)                         78 (46%)
                       Unknown             1 (\<1%)            0 (0%)                         0 (0%)                          0 (0%)                            1 (1%)
  HER2 status          Negative            358 (84%)           86 (91%)                       29 (78%)                        111 (90%)                         132 (77%)
                       Positive            48 (11%)            5 (5%)                         5 (14%)                         4 (3%)                            34 (20%)
                       Unknown             21 (5%)             4 (4%)                         3 (8%)                          9 (7%)                            5 (3%)

###### 

Kaplan--Meier risk estimations for DRFI and DDFS according to 70-gene signature and AOL stratification

  70-Gene signature   AOL    AST             5-year DRFI (%) (95% CI)   5-years DDFS (%) (95% CI)
  ------------------- ------ --------------- -------------------------- ---------------------------
  Low                 Low    7/95 (7%)       95.3 (90.9--100)           94.3 (89.5--99.3)
  High                Low    32/37 (86%)     100 (100--100)             94.6 (87.6--100)
  Low                 High   54/124 (44%)    98.4 (96.1--100)           97.6 (94.9--100)
  High                High   166/171 (97%)   89.8 (85.1--94.8)          88.7 (83.8--93.8)

![Distribution of patients (*n* = 427) over the four risk categories defined by 70-gene signature and AOL risk estimations and proportion and type of AST received per category. mLow = 70-gene signature low; mHigh = 70-gene signature high; cLow = AOL low; cHigh = AOL high; CT = adjuvant chemotherapy; Endo = adjuvant endocrine therapy; AST = adjuvant systemic therapy. \[Color figure can be viewed in the online issue, which is available at <http://wileyonlinelibrary.com>.\[](ijc0133-0929-f1){#fig01}

Patient characteristics, AST and outcome stratified by 70-gene signature and AOL
--------------------------------------------------------------------------------

[Table 1](#tbl1){ref-type="table"} shows the patient characteristics stratified by 70-gene signature and AOL risk prediction. Discordant risk estimations between 70-gene signature and AOL occurred in 38% of the cases (161/427). Most discordant cases were 70-gene signature low-risk and AOL high-risk (124/427 = 29%), while 37 cases (37/427 = 9%) had a high-risk 70-gene signature result and a low-risk AOL estimation. [Figure 1](#fig01){ref-type="fig"} summarizes the AST received in the different categories defined by 70-gene signature result and AOL. Ninety-three percent (88/95) of the patients who were 70-gene signature low-risk and AOL low-risk did not receive any AST (chemotherapy nor endocrine therapy). Fifty-six percent (70/124) of the patients who were 70-gene signature low-risk and AOL high-risk did not receive any AST. In Supporting Information [Figure 1](#fig01){ref-type="fig"} Kaplan--Meier plots for DRFI, DDFS and OS are given for the whole group of patients, according to 70-gene signature, and according to AOL risk estimation. The 5-year DRFI probabilities for AOL low-risk (*n* = 132) and high-risk (*n* = 295) patients were 96.7% and 93.4%, respectively (*p* = 0.24) (Supporting Information [Fig. 1](#fig01){ref-type="fig"}). [Table 2](#tbl2){ref-type="table"} shows DRFI and DDFS probabilities according to the combined risk categories.

The difference in OS outcome between 70-gene signature low-risk and AOL low-risk is partly due to the two cases, who died of non-breast cancer causes (Supporting Information [Table 2](#tbl2){ref-type="table"}) and who were categorized as 70-gene signature low-risk and AOL high-risk.

Sensitivity analyses were performed for different AOL cut offs ranging from 85 to 95%, showing a shift in the proportion of low risk patients without a substantial effect on DRFI, DDFS or OS survival probabilities (Supporting Information [Table 3](#tbl3){ref-type="table"}).

###### 

Clinicopathological characteristics of 70-gene signature low risk patients who received no AST or ET only

                                           70-GS low- AOL low   70-GS low-AOL high              
  -------------------- ------------------- -------------------- -------------------- ---------- ----------
  Age                  \<35                2 (2%)               3 (3%)               0 (0%)     0 (0%)
                       36--40              11 (12%)             11 (12%)             0 (0%)     1 (1%)
                       41--45              19 (22%)             19 (21%)             8 (11%)    8 (9%)
                       46--50              26 (30%)             28 (30%)             32 (46%)   44 (47%)
                       51--55              26 (30%)             27 (29%)             18 (26%)   26 (28%)
                       \>55                4 (5%)               4 (4%)               12 (17%)   15 (16%)
  pT (TNM)             pT1 (\<20 mm)       88 (100%)            92 (100%)            62 (89%)   75 (80%)
                       pT2 (\>20--50 mm)   0 (0%)               0 (0%)               8 (11%)    19 (20%)
                       pT3 (\>50 mm)       0 (0%)               0 (0%)               0 (0%)     0 (0%)
  Histological grade   Good                57 (65%)             60 (65%)             8 (11%)    9 (10%)
                       Intermediate        30 (34%)             31 (34%)             60 (86%)   77 (82%)
                       Poor                1 (1%)               1 (1%)               2 (3%)     8 (9%)
  Histological type    Ductal              68 (77%)             72 (78%)             47 (67%)   68 (72%)
                       Lobulair            13 (14%)             13 (14%)             16 (23%)   19 (20%)
                       Other               7 (8%)               7 (8%)               6 (9%)     6 (6%)
                       Unknown             0 (0%)               0 (0%)               1 (1%)     1 (1%)
  ER status            Negative            0 (0%)               0 (0%)               2 (3%)     2 (2%)
                       Positive            88 (100%)            92 (100%)            68 (97%)   92 (98%)
  PgR status           Negative            9 (10%)              9 (10%)              15 (21%)   21 (22%)
                       Positive            79 (90%)             83 (90%)             55 (79%)   73 (78%)
                       Unknown             0 (0%)               0 (0%)               0 (0%)     1 (1%)
  HER2 status          Negative            79 (90%)             83 (90%)             63 (90%)   85 (90%)
                       Positive            5 (6%)               5 (5%)               2 (3%)     2 (2%)
                       Unknown             4 (4%)               4 (4%)               5 (7%)     7 (7%)

Outcome at five years according to AST in patients with a low-risk 70-gene signature result
-------------------------------------------------------------------------------------------

Five-year DRFI was 98.4% in patients with 70-gene signature low-risk---AOL high-risk (*n* = 124), of which 76% (*n* = 94) had not received adjuvant chemotherapy. The group that had not received adjuvant chemotherapy had a 5-year DRFI of 98.9%. The group that did not receive any systemic therapy (chemotherapy nor endocrine therapy) (*n* = 70) had a 5-year DRFI of 100% ([Figs. 2](#fig02){ref-type="fig"}*a* and [2](#fig02){ref-type="fig"}*b*). No significant difference (*p* = 0.29) was seen between systemically untreated patients with a concordant low risk assessment and patients with a 70-gene signature low-risk result even with a high risk assessment by AOL. [Table 3](#tbl3){ref-type="table"} shows the patient characteristics of patients who had a low risk 70-gene signature result and who had received adjuvant endocrine therapy only or no AST at all, split by AOL risk assessment.

![Five-year outcome of a) AST-naïve and b) chemotherapy-naïve patients with a low risk 70-gene signature result.](ijc0133-0929-f2){#fig02}

Discussion
==========

The RASTER study provides the first prospective data on the outcome of patients with breast cancer for whom a gene expression prognosis classifier was used to determine the need for adjuvant systemic treatment. This community-based observational study confirms the potential of the 70-gene signature towards better selection of breast cancer patients who can forego adjuvant chemotherapy without compromising outcome. Use of the 70-gene signature reduced the proportion of high-risk patients as classified by AOL by 20% (87/427). In the AOL high-risk group, 32% (94/295) less patients would have received ACT if they had been treated according to the 70-gene signature risk estimation.

Overall, the 5-year outcome of the whole cohort was favorable, taking into consideration that 39% (168/427) had not received any form of AST. Most importantly, the 5-year DRFI probabilities were excellent for patients who were clinically high risk but had a low-risk 70-gene signature, even in the absence of AST. In addition, there was no difference in DRFI between 70-gene signature low-risk patients who were either clinical high or low risk.

Patients with a high-risk AOL result, but a low-risk 70-gene signature result who did not receive any AST ([Table 2](#tbl2){ref-type="table"}) more often had ER positive tumors with less often poor but more often intermediate histological grade than the total group of study patients. This group of patients had a 100% DRFI at five years.

One limitation of the comparison between the gene signature and AOL is that the actual treatment decisions in this study were based on the restrictive Dutch guidelines of 2004 and doctor\'s and patients\' preferences. While this reflected clinical practice at the time of the study, equality of prognosis between groups that did or did not receive chemotherapy cannot be guaranteed. Subtle selection mechanisms may therefore have influenced our results. The reduction in the number of patients eligible for AST when using the 70-gene signature can also be explained by the definition of low risk that was used for AOL. The cut-off we used here (≥90% OS probability at ten years is defined as low risk), which is also used in the Dutch national guidelines of 2012, classifies a relatively large proportion of patients as high risk. A lower AOL cut-off (≥85%) results in more low risk patients and thus fewer patients who require AST. Despite this lower cut-off, the outcome of patients in the AOL low risk group remained excellent. To our knowledge a cut-off below 90% is thus far rarely used in clinical practice.

Another possible limitation is that AOL risk estimations are based on 10-year outcomes, whereas we report on 5-year outcomes. The prognostic capacity of the 70-gene signature is best at a follow-up time of five years and has less discriminatory power in years 5--10.[@b14] From recent Oxford Overview data it is known that the carry-over effect of adjuvant chemotherapy gradually fades after five years.[@b2],[@b15],[@b16] Therefore, the data in this study can be considered relatively mature for the effect of adjuvant chemotherapy on outcome. The carry-over effect of five year adjuvant endocrine therapy remains present at ten years of follow-up.[@b2],[@b17] Thus, the data presented here is immature regarding the effect of adjuvant endocrine therapy on long-term outcome and needs to be reevaluated at 10-years of follow-up. Consequently, only the effect on outcome of the decision to omit adjuvant chemotherapy based on a low-risk 70-gene signature can be derived from the current study.

Theoretically, the best survival for the entire group of breast cancer patients will be obtained by offering AST to all patients, as long as our prognostic tests are not 100% accurate.[@b18] The mortality rate as a consequence of adjuvant chemotherapy toxicity is in the range of 1%.[@b19] For adjuvant endocrine therapy, this is in the order of 0.3%. Hence, the real question is how many unnecessary deaths we are generally accepting by erroneously foregoing AST based on a false low-risk estimation to spare the large majority of breast cancer patients the unnecessary toxicity of adjuvant chemotherapy and consequent deterioration in quality of life based on a true low risk estimation.[@b20] In this study, seven patients who developed distant metastases were low risk according to the 70-gene signature. Four of these patients were also low risk according to AOL. The other three patients were high risk according to AOL. One of these patients received both chemotherapy and endocrine therapy, one received endocrine therapy only, and one received no treatment at all. However, this AST untreated case developed a distant metastasis after 5 years (at 82 months of follow-up). Since 94 patients who had a 70-gene signature low risk/AOL high-risk result did not receive chemotherapy and had a 98.9% (95%CI: 96.9--100%; [Fig. 2](#fig02){ref-type="fig"}*b*) 5-year DRFI, one might infer that it costs about one avoidable distant recurrence (1.1%; 95%CI: 0--3.1%) to spare up to 94 patients unnecessary chemotherapy side-effects. When discussing the acceptable numbers-needed-to-treat and numbers-needed-to-harm, any prognostic factor that can improve the equation should be taken into account. The current data confirms that the 70-gene signature is such a prognostic factor.

In conclusion, in a prospective community-based observational study, the 5-year follow-up data confirmed the additional prognostic value of the 70-gene signature to clinicopathological factors used in AOL risk estimations. Omission of chemotherapy as judged appropriate by doctors and patients and supported by a low-risk 70-gene signature result appeared not to compromise outcome.

What\'s new?
============

The "MammaPrint" is a 70-gene signature developed to predict the risk of breast cancer metastases. This study, the RASTER study, provides the first prospective data looking at this 70-gene signature to evaluate it\'s performance. For 427 patients, treatment decisions were based on standard guidelines, the 70-gene signature, and doctors\' and patients\' preferences. Here, 124 patients were categorized as "low-risk" by the 70-gene signature, but high-risk by other measures, such as age, tumor size, nodal status, and other clinicopathological factors. Of these, 76% did not receive adjuvant chemotherapy, and 98% survived 5 years with no recurrence of disease. Thus, withholding chemotherapy based on the low-risk gene signature result, and in accordance with doctors\' and patients\' preferences, did not negatively impact recurrence rate, confirming the prognostic value of this new tool.
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